Background: CYFRA 21-1 serves as biomarker in several epithelial malignancies. However, its role in pancreatic cancer (PC) has not yet been investigated.
Pancreatic cancer (PC) is a neoplastic disease known for its unfavourable prognosis and outcome data: the 5-year relative survival rate among patients diagnosed with PC in the United States from 2001 to 2007 was as low as 6% over all stages (Siegel et al, 2012) . In patients with advanced stages of the disease, palliative gemcitabine-based chemotherapy has been the standard of care during the last decade. With the novel FOLFIRINOX regimen, a new treatment option for patients with metastatic PC was recently introduced (Vincent et al 2011; Heinemann et al, 2012) . To date, overall survival (OS) remains the standard clinical end point for clinical trials in PC research, and also for the approval of novel drugs (Heinemann et al, 2012) . Several efforts have been undertaken to define new (ideally early) surrogate 'biomarker end points' for treatment efficacy and for assessment of prognosis. Carbohydrate antigen ) is a tumourassociated antigen that equals a sialylated hapten of the Lewis blood group antigen and is present in a broad variety of fetal and adult mucosal cells (Boeck et al, 2006) . It is still the most commonly used tumour marker in PC, as many studies in patients with resectable and advanced disease proved CA 19-9 to be a useful tool for evaluation of treatment response as well as prediction of prognosis (Ferrone et al, 2006; Berger et al, 2008; Hess et al, 2008; Reni et al, 2009; Boeck et al, 2010; Humphris et al, 2012 ). However, a broad variety of other serum and tissue markers presently investigated in PC have not yet been sufficiently validated for routine clinical use (Duffy et al, 2010) .
Carcinoembryonic antigen (CEA) is a monomer glycoprotein, which can be found in adult gastrointestinal epithelia, sweat glands, lung epithelia and various epithelial malignancies. In colorectal and lung cancer, pre-therapeutic CEA levels are well established as tumour marker for prediction of time to progression (TTP) and OS; furthermore, CEA kinetics are also known for their important role in the diagnosis of tumour recurrence. CYFRA 21-1 is a fragment of cytokeratin 19, a structure protein and part of intermediate filament proteins necessary for stability of epithelial cells. It is thus expressed in a variety of epithelial cells and has already been shown to be a useful biomarker in lung and breast cancer (Nakata et al, 2004; Holdenrieder et al, 2009; Edelman et al, 2012) . Moreover, CYFRA 21-1 was recently shown to be a prognostic relevant marker for OS in metastatic colorectal cancer after selective internal radiation therapy (Fahmueller et al, 2012) . At least to our knowledge, clinical data on CYFRA 21-1 in PC are still very rare (Halm et al, 2000; Duffy et al, 2010) .
The aim of this prospective, single-centre biomarker study was to investigate the role of CYFRA 21-1 as serum biomarker in patients with advanced PC undergoing palliative chemotherapy. To this end, a representative group of PC patients underwent an extensive biomarker profiling for CYFRA 21-1, CA 19-9 and CEA levels that were assessed centrally before and weekly after the initiation of chemotherapy.
PATIENTS AND METHODS
Patient population and treatment. Male or female patients with histologically or cytologically confirmed diagnosis of advanced exocrine PC (locally advanced or metastatic stages of disease) were eligible for the current prospective biomarker study. All included patients received palliative chemotherapy. Eighty-three consecutive patients meeting the eligibility criteria were recruited from the 'Pancreas Centre' at the LudwigMaximilians-University of Munich between May 2006 and April 2010. Patients treated outside clinical trials received -based on the decision of the treating medical oncologist SB and VH -standard gemcitabine or gemcitabine-based chemotherapy until disease progression, unacceptable toxicity or patient refusal (for detailed treatment regimens see Results section). Routine radiological tumour assessment and response evaluation was performed by CT or MRI according to standard RECIST (response evaluation criteria in solid tumors; version 1.0) every 8 weeks. The study was approved by the local ethics committee of the Ludwig-Maximilians-University and all patients gave written informed consent before any study-specific procedure was performed.
Sample collection and assays. Venous blood samples were collected immediately before initiation of first-line chemotherapy (day 0) and thereafter weekly on days 7, 14, 21 and 28, and at the time point of the first radiographic staging after 2 months of chemotherapy (day 56). The samples were centrifuged for 15 min at 3000 g within 2 h of venipuncture. Sera were separated manually, aliquoted into microtubes and without any further treatment frozen at À 80 1C for a maximum of 3 years. For measurements, samples were thawed and assessed in batches containing all samples of one single patient. Measurements of CYFRA 21-1, CA 19-9 and CEA were all performed automatically using the Elecsys 2010 (Roche Diagnostics, Penzberg, Germany) in an electrochemi-luminescence immuno-assay. All assays in this biomarker study were performed blinded to the study end point. In the first step of the assay, the antigens (CYFRA 21-1, CA 19-9 or CEA) are incubated with two types of antigen-specific monoclonal antibodies, one biotinylated, and the other bound to a rutheniumcontaining complex. The resulting sandwich complex of antigen and the two antigen-specific monoclonal antibodies is then bound to streptavidin-coated microparticles via biotin-streptavidin interaction. Next, the mixture is transferred to the measuring cuvette and the antigen-containing complex is magnetically immobilised onto the electrode. After a washing step, chemiluminescence is induced by an electric field and assessed by a photomultiplier. Antigen concentration is determined in the following by use of a calibration curve. CA 19-9all was defined as CA 19-9 values for all patients; CA 19-9syn was defined as CA 19-9 values for patients, who are supposed to be able to synthesise CA 19-9 (i.e., at least one value 45 U ml -1 ). If not stated otherwise, all analyses were performed with the CA 19-9syn population.
Study design and statistical analysis. This prospective singlecentre biomarker study was designed, conducted and analysed Correlations between marker levels were assessed by the Spearman rank correlation coefficient. Overall survival and TTP were estimated by the Kaplan-Meier method and survival curves were compared using the log-rank test. For this analysis, marker values were separated into tertiles to achieve an equal distribution of the patient number. Marker values were also analysed in univariate Cox regression models, on the one hand as tertiles for the calculation of hazard ratios, and on the other hand as logarithms. In addition, these analyses were done with inclusion of the Karnofsky performance status (KPS) in the models, which was the strongest clinical predictor. All clinical and pre-therapeutical biochemical parameters with a P-value o0.1 in univariate analysis were included into multivariate Cox regression analysis. To compare the prognostic strength of different models we used the concordance index (C index) proposed by Harrell et al (1984) . The C index values range from 0.5 to 1, representing the proportion of concordance in all possible pairs of patients, whereby concordance means that the patient with a more favourable value (closer to 1) has the longer survival time. In addition, exploratory subgroup analyses were performed for patients suffering from diabetes mellitus and also for patients with a known KRAS mutation status. A P-value of o0.05 was considered statistically significant. All calculations were performed with SAS software (version 9.2, SAS Institute Inc., Cary, NC, USA).
RESULTS
Patient characteristics. Overall, 83 consecutive PC patients from one German Cancer Centre were included in this biomarker study.
Patients started treatment between May 2006 and April 2010; 35 patients (45%) in this biomarker study received chemotherapy within a prospective clinical trial. Applied treatment regimens included: gemcitabine plus erlotinib (n ¼ 45), single-agent gemcitabine (n ¼ 12), gemcitabine plus everolimus (n ¼ 11), capecitabine plus erlotinib (n ¼ 9), gemcitabine plus axitinib (n ¼ 2), singleagent capecitabine (n ¼ 2), gemcitabine plus WX-671 (n ¼ 1) or nab-paclitaxel (n ¼ 1). Owing to missing baseline marker levels, five cases had to be excluded from statistical analysis. Of the 78 remaining evaluable patients, 68 were assessable for objective response by imaging, which was first performed after a median of 57 days after initiation of palliative chemotherapy. At the time of final analysis, 74 of the 78 study patients had experienced disease progression and 73 of 78 had died.
Clinical baseline characteristics are summarised in Table 1 . Median age was 65 years (range 41-79) and most patients (65%) were diagnosed with synchronous metastatic disease at study entry. KRAS mutation status (exon 2, codon 12 and 13) was known in 36 patients (mainly in patients treated in clinical trials) and 25 patients presented with diabetes mellitus at study registration. Twenty-six patients experienced early disease progression based on the 2-month staging interval, whereas 42 patients achieved primary disease control during chemotherapy (1 CR, 4 PR and 37 SD; Table 1 ). Median TTP for all 78 patients was estimated at 3.9 months (95% CI 2.3-5.3) and median OS at 7.7 months (95% CI 6.3-10.0).
Pre-therapeutic biomarker levels. Median baseline CA19-9 levels differed significantly between metastatic and locally advanced disease (3485 vs 129 U ml -1 , P ¼ 0.0126) and between primary metastatic and recurrent PC (3485 vs 137 U ml -1 , P ¼ 0.005). Pretherapeutic values of CYFRA 21-1 could also be significantly distinguished between the three groups of primary metastatic, locally advanced and recurrent disease (7.5 vs 1.5 vs 2.6 ng ml -1 , P ¼ 0.0001). At time of study entry, CYFRA 21-1 was the only marker correlating with good or impaired KPS (KPS 90-100%: 3.6 ng ml -1 vs KPSo90%: 9.8 ng ml -1
, P ¼ 0.0399). CYFRA 21-1 levels did not differ significantly between patients with newly diagnosed diabetes mellitus and patients without impaired glucose tolerance in subgroup analyses (median 3.9 vs 7.4 ng ml -1 , P ¼ 0.437). None of the three assessed biomarkers correlated with the KRAS exon 2 mutation status. CYFRA 21-1, CA 19-9 and CEA showed highly significant correlations (Po0.0001) with each other on day 0 before onset of systemic chemotherapy (Supplementary Table S1 ).
Courses of biomarkers during chemotherapy. The course of the median biomarker levels for CYFRA 21-1, CA 19-9 and CEA (grouped with regard to 'progressive' vs 'disease control' patients) is illustrated in Figure 1 and Table 2 . All three markers showed a significant correlation not only before onset but also at all-time points in the course of chemotherapy (Supplementary Table S1 ). Both CA 19-9 subgroups (CA 19-9all and CA 19-9syn) correlated significantly with CEA (P-values ranging from o0.0001 to 0.016 for CA19-9all at day 28) and CYFRA21-1 (P-value ranging from o0.0001 to 0.003 for CA19-9all at day 28) at all assessed time points.
Correlation of biomarkers with response. Data from 68 evaluable patients on the correlation of absolute median biomarker levels and marker kinetics with objective response to chemotherapy are summarised in Table 2 .
Baseline levels (prediction of response). Pre-therapeutic median values of all three markers were significant predictors of treatment response. Baseline CA 19-9 levels in patients suffering from Table 2 . Correlation of absolute median biomarker levels (Tx) and marker kinetics (Tx À T0%) with objective response to chemotherapy (n ¼ 68) , range 29-320 000) were elevated compared with patients with non-progressive disease (median 342 U ml -1 , range 7-214 000, P ¼ 0.006). Median CEA baseline levels were higher in progressive (17.1 ng ml -1 , range 0.3-908.0) than in non-progressive cases (3.7 ng ml -1 , range 0.5-185, P ¼ 0.008) and CYFRA 21-1 levels were also significantly higher in progressive patients (median 7.5 ng ml -1 , range 1.3-263) than in patients with disease control (median 2.8 ng ml -1 , range 0.9-91.5, P ¼ 0.01).
Marker levels during the first 2 months of chemotherapy (early estimation of response). Absolute levels of CYFRA 21-1, CA 19-9 and CEA showed an excellent correlation with treatment response at almost all assessed time points (see Table 2 ). On day 14, CEA kinetics could best distinguish between the two response groups (0% decrease in the progressive vs 22% decrease in the nonprogressive group, P ¼ 0.037). At the time of staging (day 56), absolute levels of each analysed marker again showed a significant correlation with objective response. Median CA 19-9 levels in patients suffering from progressive disease (6428 U ml -1 , range 14-113 000) were exceedingly higher than those in patients with disease control (135 U ml -1 , range 2.6-34 047, Po0.0001). A similar discriminatory power was detected for CYFRA 21-1 on day 56 (4.6 vs 1.6 ng ml -1 , Po0.001).
Correlation of biomarkers with prognosis. The impact of clinical parameters on efficacy end points is shown in Supplementary  Table S2 . As expected, KPS was significantly associated with both TTP and OS (Po0.001), and stage of disease was correlated with OS (P ¼ 0.03). KPS had the highest C index in this model, with 0.611 (95% CI 0.555-0.668) for TTP and 0.619 (95% 0.562-0.676) for OS, indicating KPS as the clinical variable with the strongest impact on outcome.
Correlation of baseline biomarker values and of levels during therapy with outcome in univariate analysis. For this complex analysis, all biomarker levels on day 0, 7, 14, 21, 28 and 56 were first categorised into tertiles to ensure equal distribution of patient numbers (see Tables 3a and 3b ). Concerning baseline levels, all three markers had a significant impact on TTP and OS. Tables 3a  and 3b show data analysed by the log-rank test, by an (unadjusted) univariate Cox model and by a Cox model that was adjusted for KPS. With HR ranging from 3.0 (unadjusted) to 3.6 (adjusted), pre-treatment CYFRA 21-1 levels had the strongest impact on the end point TTP. This is also reflected by the C index of 0.652 (unadjusted) and 0.713 (adjusted), respectively (see Table 3a ). Similar data were observed in the OS analysis, where baseline CYFRA 21-1 had the strongest influence in patient survival (Table 3b ). The C index for CYFRA 21-1 was most favourable on days 0, 7, 14, 21 and 28 (unadjusted only). On day 56 (staging), CA 19-9 had the strongest impact on OS with a C index of 0.699 and 0.742, respectively. The Kaplan-Meier plots for the correlation of baseline CA 19-9, CEA and CYFRA 21-1 levels with TTP and OS are shown in Figure 2 (TTP) and Figure 3 (OS). Biomarker levels of CYFRA 21-1, CA 19-9 and CEA were also analysed as continuous variables (after logarithmic transformation), as this may potentially represent a more adequate method for the evaluation of a quantitative variable with a broad range (Boeck et al, 2010) . Results of these investigations (P-values only) are summarised in Table 4 . For univariate analysis on TTP and OS, the absolute marker values (Tx) as well as the marker kinetics in relation to the pre-treatment baseline level (Tx À T0) are presented. CYFRA 21-1 showed a strong correlation with TTP and OS at all assessed time points in the univariate evaluation (Po0.0001, for details see Table 4 ). Absolute levels of CA 19-9 had an equal predictive power for TTP as well as OS, whereas CEA showed a lack of statistical significance at only a few time points (day 21 for TTP and day 28 for TTP and OS, see Table 4 ). CA 19-9 kinetics were significantly correlated with TTP and OS only at time of staging (day 56). However, marker kinetics generally proved to be not as powerful as the absolute marker levels in determining prognosis.
Multivariate analysis. The significant association of CYFRA 21-1 as continuous variable with OS was maintained in the multivariate analysis, confirming the independent prognostic role of CYFRA 21-1 (Table 4) . Of note, again only the absolute marker values of CYFRA 21-1 -but not marker kinetics -had a significant impact on OS. Within a second multivariate Cox model including all clinical and biomarker variables (categorised as tertiles) with a P-value o0.1 in univariate analysis (n ¼ 78), only KPS (HR 3.3, 95% CI 1.7-6.5, P ¼ 0.0003) and pre-treatment CYFRA 21-1 (tertile 2: HR 2.4, 95% CI 1.1-5.3, P ¼ 0.027; tertile 3: HR 4.0, 95% CI 1.7- 
Hazard ratio (CI) (adjusted for KPS)
CA 19 9.7, P ¼ 0.002) -but not CA 19-9 or CEA -retained their independent prognostic significance for OS. The C index for that model was 0.769 (95% CI 0.716-0.822). When this model was reanalysed with only CA 19-9syn patients (n ¼ 73), the corresponding C index was 0.776 (95% CI 0.724-0.828), and apart from KPS (HR 3.4, 95% CI 1.7-6.8, P ¼ 0.0005) and CYFRA 21-1 (tertile 2: HR 3.1, 95% CI 1.3-7.2, P ¼ 0.0091; tertile 3: HR 5.1, 95% CI 1.9-13.7, P ¼ 0.0013), also CA 19-9syn (tertile 2: HR 2.6, 95% CI 1.2-5.6, P ¼ 0.0144, tertile 3: NS) became statistically significant for the end point OS. ) and (C) CYFRA 21-1 levels (ng ml -1 ) (categorised by tertiles). ), (B) CEA (ng ml -1 ) and (C) CYFRA 21-1 levels (ng ml -1 ) (categorised by tertiles).
DISCUSSION
To date, CA 19-9 is the only established and validated serum biomarker in PC that also is applied routinely in daily clinical practice. A broad variety of other potential biomarkers is currently under investigation, for example, genetic (tissue) biomarkers, epigenetic markers and blood markers including circulating tumour cells (Bhat et al, 2012) . Unfortunately, there is still no biomarker available predicting the benefits of a specific treatment (e.g., chemotherapy or targeted therapy) in advanced PC. Early evidence suggests that the tumour KRAS mutational status (for erlotinib treatment) or VEGF pathway genetic variants (for bevacizumab treatment) may serve as such predictive markers. However, these translational data still require prospective validation (Costello et al, 2012; Lambrechts et al, 2012; Boeck et al, 2013) . Thus, the scientific rationale still exists to study other serum tumour markers besides CA 19-9 in order to obtain an easy determinable biomarker that provides prognostic information and also allows patient stratification, for example, within the setting of a clinical trial. Based on data from this prospective single-centre study, CYFRA 21-1 could possibly serve as such a biomarker in advanced PC. We could show that pre-treatment CYFRA 21-1 levels are significantly correlated with TTP and OS, and that CYFRA 21-1 may also predict treatment response to chemotherapy. As patients with high CYFRA 21-1 values before the initiation of palliative chemotherapy are less likely to achieve objective disease control, a more intensive treatment (e.g., with the FOLFIRINOX regimen) might be considered in such a poorprognosis patient population (Heinemann et al, 2012) . Interestingly, the main determinant for response was the absolute CYFRA 21-1 level (at any of the assessed time points) rather than the kinetics during chemotherapy (see Table 2 ); an observation that also holds true for CA 19-9 and CEA. When CYFRA 21-1 was analysed as continuous variable the strongest prognostic information was again based on the absolute CYFRA 21-1 values at each assessed time point and not on the marker kinetics during treatment (see Table 4 ).
Most importantly, CYFRA 21-1 was shown to be independent of CA 19-9 in multivariate analysis, and was -apart from KPS -the only significant prognostic factor for OS in a multivariate Cox model. Based on the determined C indices from our study, it may be postulated that for end point OS CYFRA 21-1 is a potentially more powerful prognostic factor than CA 19-9 (Table 3b ). Of note, the C index for our multivariate Cox model that included all biomarker data as categorised variable was 0.769, whereas when only CA 19-9syn patients were included in this model, the C index slightly increased up to 0.776 and CA 19-9syn remained significant for OS. Thus, it could be concluded that an additional prognostic information from CA 19-9 is potentially only obtained when patients able the synthesise CA 19-9 are considered. Furthermore, CYFRA 21-1 offers the opportunity to serve as novel serum tumour marker in PC patients who are Lewis antigen negative (about 5-10%) or who present significant cholestasis -conditions that are well-known limitations for the application of CA 19-9 (Boeck et al, 2006) . Table 4 . Uni-and multivariate analyses for correlation of biomarkers (each analysed as continuous variable; (Tx) indicates the absolute value, (Tx À T 0 ) the marker kinetics in relation to the pre-treatment baseline level) with outcome Also, only limited data exist on the role of CEA (a widely used tumour marker in colorectal cancer) in PC (Duffy et al, 2010) . Based on the data from this study, CEA may also have a role as tumour marker in pancreatic malignancies because CEA levels at baseline and at staging (day 56) were significantly correlated with objective response and also yielded prognostic information regarding TTP and OS in univariate analysis (Tables 2-4) .
The strength of the current biomarker study is based on its prospective design (according to the REMARK guidelines) with the serial (weekly) assessment of marker values throughout the course of the first 2 months of first-line palliative chemotherapy and the use of a unique assay for a centralised marker determination. The investigated patient cohort represents a population comparable to other study populations from PC trials with a median OS of 7.7 months (Table 1) . Notably, 45% of the included patients were treated within a prospective clinical study. The main limitation arises from the fact that this study was conducted at a single high-volume German Cancer Centre and not within a multicentre setting. Thus, an external validation of these provocative novel data on CYFRA 21-1 within a prospective multicentre investigation is recommended, ideally conducted as translational biomarker study accompanying a clinical trial.
In conclusion, CYFRA 21-1 serves as a novel, potent serum biomarker in PC providing independent prognostic information. If other prospective multicentre trials confirm these data, CYFRA 21-1 may have a relevant role in pre-therapeutic prognostic models of clinical factors and laboratory parameters that support patient stratification and may be used for the application of different treatment strategies.
